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POSITION DETECTING APPARATUS, AND OPTICAL APPARATUS AND 
POSITION DETECTING METHOD COMPRISING THIS 

' \ 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a position 

detecting apparatus and a position detecting method each of 
which uses a magneto-resistive (MR) element, an optical 
sensor, and the like, and further an optical apparatus that 
uses these. 

2. DESCRIPTION OF RELATED ART 

[0002] Conventionally, a position detecting apparatus that 
uses a magnetoresistive element (hereinafter, this is called 
an MR element) detects a position by selecting a phase 
having a signal component with excellent linearity among 
sinusoidal analog signal components outputted from the MR 
element with a plurality of phases, and by performing the 
calculation of interpolating the signal component. 
[0003] Here, since a phase with a signal component 

excellent in linearity suitable for interpolation varies 
according to a position of a measuring object, it is 
switched at any time according to a position change of the 
measuring object. 

[0004] Nevertheless, in the conventional position 

detecting apparatus described above, position detection 
result at the time when a phase used for the interpolation 
is switched to another may become discontinuous when gains 
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and offsets are not accurately adjusted to sinusoidal 
position detecting signals with a plurality of phases, when 
gains and offsets of the position detecting signals vary by 
a drift, a change of environmental temperature, and the like. 
Owing to this, the accuracy of the position detection may 
decrease in the vicinity of a position of the object where 
the change of the phases used for the interpolation occurs. 

SUMMARY OF THE INVENTION 

[0005] The present invention aims to provide a position 
detecting apparatus and a position detecting method that can 
detect a position in high accuracy by suppressing the 
decrease of position detection accuracy caused by 
discontinuous portions of the position detection result that 
is a task in conventional technology. 

[0006] In order to achieve the above-described object, a 
position detecting apparatus according to the present 
invention includes: a position sensor that outputs a 
plurality of position detecting signals which have different 
phases respectively that change periodically according to a 
movement of an object; a phase converting unit . that 
generates a plurality of phase converted signals which have 
different phases respectively by giving predetermined phase 
differences to the plurality of position detecting signals; 
a first calculating unit that obtains first position data 
corresponding to a position of the object on the basis of 
the plurality of position detecting signals; a second 
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calculating unit that obtains second position data 
corresponding to a position of the object on the basis of 
the plurality of phase converted signals; and a third 
calculating unit that obtains a position of the object on 
the basis of the first position data and second position 
data. Then, another form of position detecting apparatus 
according to the present invention comprises: a plurality of 
phase converting units that generates a plurality of phase 
converted signals by giving phase differences, which are 
respectively different, to the position detecting signals; 
and a plurality of second calculating units that obtains 
each of a plurality of second position data on the basis of 
the phase converted signals generated by each of the 
plurality of phase converting units, wherein the third 
calculating unit obtains a position of the object on the 
basis of the first position data and the plurality of second 
position data. 

[0007] An optical apparatus according to the present 

invention comprises an optical system, wherein the optical 
apparatus detects a position of at least one optical element 
in the optical system. 

[0008] A position detecting method according to the 

present invention includes: a first step of outputting a 
plurality of position detecting signals which have different 
phases respectively that change periodically according to 
the movement of the object; a second step of generating a 
plurality of phase converted signals which have different 



phases respectively by giving predetermined phase 
differences to the plurality of position detecting signals; 
a third step of obtaining first position data corresponding 
to a position of the object on the basis of the plurality of 
position detecting signals; a fourth step of obtaining 
second position data corresponding to a position of the 
object on the basis of the plurality of phase converted 
signals; and a fifth step of obtaining a position of the 
object on the basis of the first position data and second 
position data, wherein the position detecting method 
generates a plurality of phase converted signals by giving 
phase differences, which are respectively different, to the 
position detecting signals at the second step; wherein the 
position detecting method obtains each of a plurality of 
second position data on the basis of each of the plurality 
of phase converted signals at the fourth step; and wherein 
the position detecting method obtains a position of the 

object on the basis of the first position data and the 
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plurality of second position data at the fifth step. 
[0009] An image reading apparatus according to the present 
invention comprises an image sensing unit that senses an 
object image; an optical unit adapted to focus the object 
image; a position sensor that outputs a plurality of 
position detecting signals which have different phases 
respectively that change periodically according to a 
movement of the object; a phase converting unit that 
generates a plurality of phase converted signals which have 



different phases respectively by giving each predetermined 
phase difference to the plurality of position detecting 
signals; a first calculating unit that obtains first 
position data corresponding to a position of the optical 
unit on the basis of the plurality of position detecting 
signals; a second calculating unit that obtains second 
position data corresponding to a position of the optical 
unit on the basis of the plurality of phase converted 
signals; and a third calculating unit that obtains a 
position of the optical unit on the basis of the first 
position data and the second position data, wherein the 
image sensing unit senses the object image in the position 
obtained by the third calculating unit. 

[0010] The features of the position detecting apparatus, 
optical apparatus, and position detecting method according 
to the present invention will become clear by the 
explanation of the following specific embodiments with 
referring to drawings. 

< 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Figs. 1(A), 1(B), and 1(C) are schematic diagrams 
showing the structure of a position detecting apparatus that 
is Embodiment 1. 

[0012] Fig. 2 is a block diagram showing the structure of 
a camera comprising the position detecting apparatus that is 
Embodiment 1 . 

[0013] Fig. 3 is a block diagram showing the structure of 



the position detecting apparatus that is Embodiment 1. 
[0014] Fig. 4 is a flow chart for describing a position 
detecting method of a focus lens. 

[0015] Fig. 5 is a graph showing position detecting 

signals by an MR sensor after gain adjustment and offset 
adjustment. 

[0016] Fig. 6 is a graph showing output signals of the MR 
sensor and signals obtained by reversing these output 
signals in polarities. 

[0017] Fig. 7 is a graph obtained by selecting signal 

components excellent in linearity from four phases of 
signals shown in Fig. 6. 

[0018] Fig. 8 is a graph showing position data (reference 
position data and supplementary position data) obtained by 
shifting the signal components, shown in Fig. 7, by gains. 
[0019] Fig. 9 is a graph showing the case that gains and 
offsets shift to outputs of the MR sensor in the position 
data shown in Fig. 7. 

[0020] Fig. 10 is a graph showing signals after the 

conversion of shifting phases by using two different phases. 
[0021] Fig. 11 is a graph showing signals after the 

conversion of shifting phases by 45° by using a sine wave 
and a cosine wave. 

[0022] Figs. 12(A) and 12(B) are a graph showing reference 
position data and supplementary position data, and a graph 
showing weight factors applied to the reference position 
data and supplementary position data respectively. 



[0023] Fig. 13 is a block diagram showing the structure of 

a position detecting apparatus that is Embodiment 2. 

[0024] Figs. 14(A) and 14(B) are a graph showing reference 

position data and supplementary position data, and a graph 

showing weight factors applied to the reference position 

data and supplementary position data in Embodiment 2 

respectively. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] (Embodiment 1) 

Figs. 1(A), 1(B), and 1(C) are schematic diagrams for 
describing a position detecting apparatus that is Embodiment 
1 of the present invention. Fig. 1(A) is an external 
perspective view of a part of a position detecting apparatus 
according to this embodiment, and Fig. 1(B) shows a 
sectional view shown in the direction of the arrow A in Fig. 
KA). 

[0026] In this embodiment, as shown in Figs. 1 (A) and 
1(B), an example of applying the position detecting 
apparatus to the position detection of a focus lens 1 
supported in a lens supporting frame 900. 

[0027] A detecting magnet (magnetic member) 2b that 

extends in the direction of an optical axis 902 (namely, in 
the moving direction of the focus lens 1) and is magnetized 
in a specific pattern so as to become a reverse polarity 
alternately in the direction of the optical axis is arranged 
in the outer circumferential surface of the lens supporting 



frame 900 integrally. This detecting magnet 2b and an MR 
sensor 2a being arranged with facing in a predetermined gap 
g detect the movement of the focus lens 1 in the x( + ) and 
x(-) directions along the direction of the optical axis. 
[0028] Here, the focus lens l(lens supporting frame 900) 
becomes movable in the direction of the optical axis 902 
(x(+) direction and x(-) direction) by a lens drive motor 21 
(Fig. 2) . 

[0029] The lens supporting frame 900 may be shorter or 
longer than the detecting magnet 2b though the lens 
supporting frame 900 is set to be equal to the detecting 
magnet 2b in length in the direction of the optical axis in 
Fig. 1(A). In addition, since the principle, structure, and 
the like of the position detection by an MR sensor are 
publicly known, the explanation of them is omitted here. 
[0030] Here, though such structure that the detecting 

magnet 2b can move integrally with the focus lens 1 (and, 
the lens supporting frame 900) as a measuring object is 
adopted, the present invention is not limited to this. It 
is also good to arrange the MR sensor in the side of the 
measuring object that moves. 

[0031] When the lens supporting frame 900 moves in the 
x( + ) or x(-) direction to the MR sensor 2a (namely, when the 
MR sensor 2a and detecting magnet 2b relatively move in the 
x( + ) or x(-) direction), two phases of sinusoidal position 
detecting signals (analog signals) are outputted from the MR 
sensor 2a according to its displacement amount. 



[0032] In addition, in this embodiment, though outputs 

(analog signals) of the MR sensor 2a are made to be two 
phases, that is, a sine wave and a cosine wave, the scope of 
the present invention is not limited to this mode. For 
example, the present invention is also applicable to the 
outputs of the MR sensor with three or more phases. 
[0033] Here, a reason why at least two phases of position 
detecting signals are required is to detect a displacement 
amount by adding or subtracting a wave number by a counter 
after determining the movement direction from the phase 
advance or delay between two sinusoidal signals having phase 
difference. 

[0034] In addition, the present invention is not limited 
to applications where output signals change sinusoidally 
like the outputs of an MR sensor, but can be also applied to 
ones whose output signals change periodically. 
[0035] Fig. 2 is a block diagram for describing a lens 
system comprising a position detecting apparatus that is 
this embodiment. Fig. 3 is a block diagram for describing 
the internal structure of the lens position calculating 
section 11, shown in Fig. 2, and the structure in the 
vicinity of this section in detail. 

[0036] In Fig. 2, numerical, reference 107 denotes a camera, 
and numerical reference 106 denotes a lens barrel provided 
in the camera 107. In addition, the present invention can 
be applied also to an interchangeable lens system though a 
camera integrated with a lens barrel is described in this 

■ - 9 -- -- ....... 



embodiment. 

[0037] Numerical reference 105 denotes an image pickup 

optical system provided in the lens barrel 106, and 
numerical reference 1 denotes a focus lens (optical element) 
included in the image pickup optical system 105. This focus 
lens 1 moves in the direction of an optical axis (in the 
direction of the arrow in Fig. 2) since a drive force from a 
lens drive motor 21 is transmitted through a drive mechanism 
not shown. 

[0038] In addition, numerical reference 101 denotes an 

image pickup device . such as a CCD, or a CMOS sensor, and 
receives a subject image formed by the image pickup optical 
system 105 and converts it photoelectrically . A signal 
output from the image pickup device 101 becomes an image 
signal by being given various types of processing by a 
signal processing circuit 102. Then, the signal is recorded 
on a recording medium (a tape, semiconductor memory, an 
optical disk, or the like) not shown, and is displayed on an 
electronic viewfinder (LCD etc.) not shown. 

[0039] The lens system in this embodiment is provided in a 
camera performing the processing (auto focus processing) of 
driving the focus lens 1 to an in-focus position on the 
basis of a so-called hill-climbing system, namely, a system 
that detects a peak of a high frequency component in an 
image signal read from the image pickup device 101. 
[0040] Here, the position detecting apparatus is used to 
detect a position etc. of the focus lens 1 in the direction 



of an optical axis when the auto focus processing is 
performed. 

[0041] ' Schematically , the operation of the auto focus 
processing is as follows. 

[0042] First of all, a microcomputer 104 moves the focus 
lens 1 by an arbitrary displacement amount in the close-up 
direction (one direction out of the . right and left 
directions in Fig. 2) or the infinite direction (another 
direction out of the right and left directions in Fig. 2) 
little by little by driving the lens drive motor 21 through 
a drive circuit 103. 

[0043] Then, the microcomputer 104 detects the drive 

direction of the focus lens 1 so that an AF signal (a high 
frequency component of an image signal outputted from the 
image pickup device 101) may increase, on the basis of an 
output from the signal processing circuit 102. Here, after 
giving predetermined processing to the output signal (image 
signal) of the image pickup device 101, the signal 
processing circuit 102 outputs the signal to the 
microcomputer 104. 

[0044] When detecting the drive direction of the focus 

lens 1, the microcomputer 104 sets a target stop. position in 
the detected drive direction described above, and moves the 
focus lens 1 by outputting a control signal to the drive 
circuit 103. 

[0045] When the AF signal 7 shifts from increase to decrease 
by driving the focus lens 1 in one direction, the 



microcomputer 104 determines that the AF signal has passed 
its own peak value. Then, the microcomputer 104 resets a 
target stop position and drives the focus lens 1 in the 
reverse direction so that the AF signal may return to its 
own peak value, 

[0046] Namely, the microcomputer 104 moves the focus lens 
1 in the close-up direction or the infinite direction while 
modifying the target stop position of the focus lens 1 so 
that the AF signal may approach its own peak value. And, 
when the AF signal becomes the peak value, the microcomputer 
104 stops driving the focus lens 1. In addition, a control 
method of the focus lens 1 is not limited to the above- 
described one. 

[0047] In the auto focus processing described above, an 
auto focus processing section 12 in the microcomputer 104 
sequentially outputs a signal relating to a movement 
destination (target stop position) of the focus lens 1 when 
moving the focus lens 1 in the close-up direction or the 
infinite direction . 

[0048] At this time, the position detecting apparatus 

detects a current position of the focus lens 1. 
[0049] A servo controller 13 obtains data, relating to the 
current position of the focus lens 1, on the basis of an 
output of a lens position calculating section 11 that 
constitutes a part of the position detecting apparatus. 
Then, the servo controller 13 compares the current position 
of the focus lens 1 with the above-described target stop 



position, and generates the drive signal of the focus lens 1 
in a drive signal generating section 14 so that the focus 
lens 1 may move to the target stop position. 

[0050] The signal generated by the drive signal generating 
section 14 is inputted to a drive circuit 103, and the drive 
circuit 103 drives a lens drive motor 21 on the basis of the 
input signal. 

[0051] Namely, the servo controller 13 continues to drive 
the focus lens 1 when determining that the focus lens 1 has 
not moved yet to the target stop position on the basis of 
the output of the lens position calculating section 11. On 
the other hand, when the focus lens 1 has completely moved 
to the target stop position, the servo controller 13 stops 
the drive of the focus lens 1. 

[0052] In addition, since the lens system of this 

embodiment has a plurality of lens units 105 as shown in Fig. 
2, it is possible to change a focal length of an image 
pickup optical system by moving these lens units 105 in the 
direction of the optical axis (the right and left directions 
in Fig. 2) . 

[0053] Next, the operation of detecting a position of the 
focus lens 1 by the position detecting apparatus will be 
described. 

[0054] As shown in Fig. 3 in detail, two phases of 

position detecting signals (analog signals) outputted from 
an MR sensor 2a according to a position of focus lens 1 are 
amplified by analog amplifiers 3a and 3b respectively, and 
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are converted into digital signals by an A/D converter 5 
through sample-hold circuits 4a and 4b. 

[0055] Gains and offsets of these digital signals are 

adjusted by the digital processing executed by a gain and 
offset adjusting section 6 provided in the lens position 
calculating section 11. Then, output signals of the gain 
and offset adjusting section 6 are inputted into a primary 

L 

position calculating section 7 that is a reference 
calculating section. Furthermore, the primary position 
calculating section 7 obtains the position of the focus lens 
1 by calculation. 

[0056] This primary position calculating section 7 obtains 
reference position data as first position data by 
calculation on the basis of the position detecting signals 
outputted from the MR sensor 2a according to a current 
position of the focus lens 1. The detail of the processing 
operation in the primary position calculating section 7 will 
be described later. 

[0057] Hereinafter, how to obtain a position of the focus 
lens 1 will be described according to a flow chart shown in 
Fig. 4. 

[0058] Fig. 5 shows two phases of position detecting 

signals outputted from the MR sensor 2a, which are signals 
that are given gain adjustment and offset adjustment by the 
gain and offset adjusting section 6. 

[0059] At step 101 (this is called S in Fig. 4), when the 
position detecting signals outputted from the MR sensor 2a 



are two phases, that is, a sine wave and a cosine wave as 
shown in Fig, 5, first of all, these position detecting 
signals are sampled. 

[0060] At step 102, the primary position calculating 

section 7 as a first calculating unit generates four phases 
(SIN, COS, SIN2, and C0S2) of signals by inverting 
respective phases of signals in polarities as shown in Fig. 
6. In addition, this calculation is not always necessary if 
the position detecting signals outputted from the MR sensor 
2a are three phases or more* 

[0061] At step 103, the primary position calculating 

section 7 selects a phase with a signal component excellent 
in linearity among signal components of respective phases 
(SIN, COS, SIN2, and C0S2) as shown in Fig. 7. At this time, 
the selected phase is switched in a period equal to each 

A 

phase difference between phases. 

[0062] Since the phases of the SIN and COS waves and the 

phases of the SIN2 and COS2 waves are different by 90° 
respectively, the selected phase is switched each time the 

focus lens 1 moves by 90° of phases of each position 
detecting signals outputted from the MR sensor 2a. 
[0063] At step 104, the primary position calculating 

section 7 shifts the signal component of the selected phase 
by a gain of the signal component before the phase changes 
each time the phase selected in the processing at step 103 
as shown in Fig, 8 changes. Owing to this, it is possible 
to obtain reference position data A that changes 



approximately linearly to a position of the focus lens 1. 
[0064] Here, in the processing of shifting the signal 

component at step 104, with assuming that the gain 
adjustment and offset adjustment of the position detecting 
signals are accurately performed in the gain and offset 
adjusting section 6, the primary position calculating 
section 7 shifts the signal by a gain of the signal 
component that is assumed beforehand. Therefore/ if the 
gain and offset adjustment is not accurately performed, 
discontinuous portions are generated in the reference 
position data A like portions enclosed. with dotted lines in 
Fig. 9. 

[0065] Next, it will be described how the calculation for 
obtaining a position of the focus lens 1 in a phase 
converting section 8 and a secondary position calculating 
section 9 is performed. 

[0066] At step 105, the phase converting section 8 

converts a phase of each phase by synthesizing plural phases 
of signals that are outputted from the gain and offset 
adjusting section 6 and whose gains and offsets are adjusted. 
Namely, the phase converting section 8 outputs phase 
converted signals with different phases respectively that 
are generated by giving predetermined phase differences to 
the position detecting signals (plural phases of signals) 
outputted from the MR sensor 2a. 

[0067] Specifically, the phase converting section 8 can 
generate a signal whose phase is shifted by a/2 by the 
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calculation shown in the following expression (1) from two 
phases that are different by a, that is, sin 9 and sin (0 - 
a) as shown in Fig. 10. 
[0068] 

sin(# - — ) = {sin 0 + sin(6> - a)} 

2 /-v gc 
2 cos— 

2 ...(1) 
[0069] When the position detecting signals outputted from 

the MR sensor 2a are a sine wave and a cosine wave like 

those in this embodiment, the phase converting section 8 can 

generate signals, whose phases shift by 45° as shown in Fig. 
11, by the following expression (2) and expression (3). 
[0070] 



sin(<9 - 45°) = {sin 0 - cos 6} 

V 2 -..(2) 



[0071] 



cos(0 - 45°) = {sin 0 + cos 0} 

^ 2 x ... (3) 



[0072] Next, the secondary position calculating section 9 
as a second calculating unit calculates supplementary 
position data as second position data. The calculation of 
the supplementary position data in this secondary position 
calculating section 9 is similar to one performed by the 
primary position calculating section 7 (S106 to S108) . 
Hereinafter, it will be specifically explained. 
[0073] At step 106, the secondary position calculating 

section 9 generates four phases (hS, hC, hS2, and hC2) of 
signals by calculating signals whose phases are reversed on 
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the basis of the two phases (plural phases) of signals whose 
phases are converted by the phase converting section 8. 
[0074] At step 107, the secondary position calculating 

section 9 selects a newly synthesized component excellent in 
linearity among respective signal components of phases (hS, 
hC, hS2, and hC2) . At this time, the selected phase is 
switched in a period equal to a phase difference between 
respective phases . 

[0075] Since the phases of hS and hC and phases of hS2 and 
hC2 are different by 90° respectively, a selected phase 
switches each time the focus lens 1 moves by 90° of phase of 
each position detecting signal outputted from the MR sensor 
2a. 

[0076] At step 108, the secondary position calculating 

section 9 shifts a signal component of the selected phase by 
a gain of the component of the signal before the phase 

changes each time the phase selected in processing at step 

j 

107 changes- Owing to this, it is possible to obtain 
supplementary position data B that changes approximately 
linearly to a position of the focus lens 1. 

[0077] Here, in the processing of shifting the signal 

component at step 108, with assuming that the gain 
adjustment and offset adjustment of the position detecting 
signals are accurately performed in the gain and offset 
adjusting section ♦ 6, the secondary position calculating 
section 9 shifts the signal by a gain of the signal 
component that is assumed beforehand. Therefore, if the 



gain and offset adjustment is not accurately performed, 
discontinuous portions are generated in the supplementary 
position data B similarly to the reference position data A. 
[0078] Here, since the signals inputted to the secondary 
position calculating section 9 are ones whose phases have 
been converted by the phase converting section 8, positions 
of discontinuous portions in the supplementary position data 
B generated by the secondary position calculating section 9 
are different from those of the discontinuous portions in 
the reference position data A generated by the primary 
position calculating section 7 as shown in Fig. 12(A). 
[0079] When phase differences between signals outputted 
from the phase converting section 8 and original position 
detecting signals (position detecting signals outputted from 

the MR sensor 2a) are 45° respectively like this embodiment, 
discontinuous portions in one position data out of the 
reference position data A and supplementary position data B 
are generated in an intermediate position between each two 
discontinuous portions in the other position data. 
[0080] At step 109, a synthesized position calculating 

section 10 as a third calculating unit combines the 
reference position data A of the primary position 
calculating section 7 and the supplementary position data B 
of the secondary position calculating section 9. 
Hereinafter, this synthesizing method will be described. 
The synthesized position calculating section 10 calculates a 
current position of the focus lens 1 on the basis of the 



reference position data A and supplementary position data B. 
[0081] As one method of combining the reference position 
data A and supplementary position data B, it is possible to 
make the result, which is obtained by simply averaging the 
reference position data A of the primary position 
calculating section 7 (shown by solid lines in Fig. 12(A)) 
and the supplementary position data B of the secondary 
position calculating section 9 (shown by a dotted and dashed 
line in Fig. 12(A)), be synthesized position data* 
[0082] As described above, when the phase differences 

between the signals outputted from the phase converting 
section 8 and the original plural phases of position 

detecting signals are 45° respectively, it is possible to 
reduce the variation of discontinuous portions in the 
reference position data A and supplementary position data B 
to about 1/2. 

[0083] In addition, as another synthesizing method, as 

shown in Fig. 12(B), it is also possible to make the sum of 
the data, which is weighted the reference position data A 
and supplementary position data B according to a position 
where a discontinuous portion is generated, be synthesized 
position data. 

[0084] Namely, a weight coefficient ka (0 < ka < 1) shown 
by a solid line in Fig. 12(B) is applied to the reference 

position data A, and a weight coefficient kb (0 < kb < 1) 
shown by a dotted and dashed line is applied to the 
supplementary position data B. Then, the sum of these data 



is made to be synthesized position data. In the flow chart 
shown in Fig. 4, the synthesized position data is obtained 
by the latter synthesizing method (steps 109 and 110) . 
[0085] Here, the above-described weight coefficients ka 
and kb (kb =? 1 - ka) are determined from a rough position of 
the focus lens 1. As this rough position, it is possible to 
use, for example, a position obtained from one position data 
out of the reference position data A and supplementary 
position data B, or to use a position obtained from position 
data obtained by simply averaging the reference position 
data A and supplementary position data B. 

[0086] Since the position detecting apparatus in this 

embodiment is applied to a servo system of moving the focus 
lens 1 to a target stop position that is set beforehand, 
weight coefficients ka and kb are determined from the target 
stop position of the focus lens 1. The target stop position 
used here is not an in-focus position, but is a target stop 
position of the focus lens 1 that is set in the auto focus 
processing section 12 one by one when the above-described 
auto focus processing is performed. 

[0087] It is good to execute the calculation processing in 
the gain and offset adjusting section 6, primary position 
calculating section 7, secondary position calculating 
section 9, phase converting section 8, and synthesized 
position calculating section 10 respectively in different 
CPUs or DSPs, or it is also good to execute this processing 
in a single CPU or DSP. In addition, it is also possible to 
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use dedicated hardware that performs the above-described 
calculation processing . 

[0088] As described above, the position detecting 

apparatus according to this embodiment calculates a current 
position of the focus lens 1 on the basis of the signals, 
outputted from the MR sensor 2a, and signals (phase 
converted signal) obtained by giving phase differences to 
these signals. 

[0089] Here, though the calculation processing shown in 
steps 106 to 108 is performed to the phase converted signals, 
these phase converted signals have phase differences to the 
original position detecting signals (signals outputted from 
the MR sensor 2a). Hence, discontinuous portions in the 
supplementary position data B obtained by the above- 
described calculation processing become positions different 
from the discontinuous portion in the reference position 
data A. 

[0090] A conventional position detecting apparatus detects 
a position of a measuring object by using only reference 
position data obtained by the calculation of position 
detecting signals outputted from the MR sensor. 

4 

[0091] On the other hand, in the position detecting 

apparatus according to this embodiment, the discontinuous 
portions that occur in the reference position data and 
supplementary position data are interpolated mutually by 
using the supplementary position data obtained by the 
calculation of the phase converted signals in addition to 



the above-described reference position data. 

[0092] Owing to this, regardless of a current position of 
the focus lens 1, it is possible that a discontinuous 
portion, may not occur in one position data out of the 
reference position data A and supplementary position data B. 
Then, the synthesized position calculating section 10 
.adequately combines results (reference position data A and 
supplementary position data B) in the primary position 

/ 

calculating section 7 and secondary position calculating 
section 9, and calculates (detects) a position of the focus 
lens 1. Hence, it is possible to perform position detection 
with high accuracy by suppressing the decrease of position 
detection accuracy because of discontinuous portions 
occurring in the position detection result (reference 
position data) that is a problem in conventional technology. 

[0093] (Embodiment 2) 

Fig. 13 is a block diagram showing the structure of a 
position detecting apparatus that is Embodiment 2. In this 
embodiment, it is assumed that outputs (position detecting 
signals) of the MR sensor 2a are two phases, that is, a sine 
wave and a cosine wave similarly to those in Embodiment 1 
described above. In addition, the structure of the MR 
sensor 2a is not limited to this, but the structure may have 
a three or more phase output. 

[0094] In the diagram, since the structure of members from 
the focus lens 1 (measuring object) to the primary position 



calculating section 7 is similar to that of the members 
described in Embodiment 1, the same numerical references are 
used. In addition, each of a first phase converting section 
8a and a first secondary position calculating section 9a 
corresponds to the phase converting section 8 and secondary 
position calculating section 9, described in Embodiment 1, 
respectively. 

[0095] The second phase converting section 8b combines 

plural phases of signals outputted from the gain and offset 
adjusting section 6 and plural phases of signals (phase 
converted signals) outputted from the first phase converting 
section 8a, and moreover, converts a phase of each phase 
(further gives phase difference to each phase) . 
[0096] Here, as described by using Fig. 10, the first 

phase converting section 8a generates signals, whose phases 

r 

are shifted by a/2 respectively, from two phases, that is, 
sin 0 and sin (0 - a) whose phases are different by a 
mutually. Therefore, the second phase converting section 8b 

can generate signals, whose phases are shifted by a/4 
respectively, from two phases, that is, sin 0 and sin (0 - 
a/2) whose phases are different by a/2 mutually. 
[0097] Since the position detecting signals outputted from 
the MR sensor 2a are a sine wave and a cosine wave in this 
embodiment, the first phase converting section 8a generates 

signals whose phases are shifted by 45° respectively. Then, 
the second phase converting section 8b can generate two 

phases of signals whose phases are shifted by 22.5° owing to 



the following expression (4) and expression (5) 
[0098] 



sin(0 - 22.5°) - (sin 0 + sin(0 - 45°)} 

2cos(22.5°) 



. . . (4) 



[0099] 



cos(<9 - 22.5°) = {cos0 + cos(0 - 45°)} 

2cos(22.5°) (5) 

[0100] Similarly to the second phase converting section 8b 
described above, the third phase converting section 8c 
generates signals, whose phases are shifted, on the basis of 
the outputs of the gain and offset adjusting section 6 and 
first phase converting section 8a. 

[0101] Specifically, the third phase converting section 8c 
can generate signals, whose phases are shifted by (n - a/4) 
respectively, from two phases, that is, sin 6 and sin (0 - 
a/2) whose phases are different by a/2 mutually. 
[0102] Since the position detecting signals outputted from 
the MR sensor 2a are a sine wave and a cosine wave in this 
embodiment, the third phase converting section 8c can 

generate two phases of signals, whose phases shift by 67.5° 
according to the following expression (6) and expression (7). 

[0103] 

sin(0 - 67.5°) = {sin(0 - 45°) - sin 0} 

2cos(22.5°) ^ . (6) 



[0104] 



cos(0 - 67.5°) = ? {cos(0 - 45°) + sin 0} 

2cos(22.5°) ...(7) 



[0105] The above-described processing can generate signals 
(phase converted signals) that are given plural phase 

differences (22. 5°, 45°, and 67,5°: phase differences are 
changed at the same interval) , which are different mutually, 
to the position detecting signals (analog signals) outputted 
from the MR sensor 2a. 

[0106] The calculation of position data by a second 

secondary position calculating section 9b as a second 
calculating unit and a third secondary position calculating 
section 9c is similar to the calculation (steps 102 to 104 
in Fig. 4) performed in the primary position calculating 
section 7 described in Embodiment 1. 

[0107] Namely, supplementary position data B (shown by a 
dotted line in Fig. 14(A)) is obtained by the calculation in 
the first secondary position calculating section 9a. 
Supplementary position data C (shown by a dotted and dashed 
line in Fig. 14(A)) is obtained by the calculation in the 
second secondary position calculating section 9b. And, 
supplementary position data D (shown by an alternate long 
and two short dashes line in Fig. 14(A)) is obtained by the 
calculation in the third secondary position calculating 
section 9c. 

[0108] Here, since the signals inputted respectively to 
the secondary position calculating sections 9b and 9c are 
signals whose phases have been converted by the phase 
converting sections 8b and 8c, discontinuous portions of 
position data A to D are generated at mutually different 



positions as shown in Fig, 14(A). 

[0109] In this embodiment, the signals outputted from the 
second phase converting section 8b and the signals outputted 
from the third phase converting section 8c are shifted by 

22.5° and 67.5° respectively to the plural phases of 
original position detecting signals (signals outputted from 
the MR sensor 2a) . Therefore, discontinuous portions that 
are generated in the reference position data A obtained by 
the calculation of the primary position calculating section 
7, and the supplementary position data B to D obtained by 
the calculation of the secondary position calculating 
sections 9a to 9c are generated at egual intervals to the 
position of the focus lens 1 as shown in Fig, 14 (A) . 
[0110] Here, let one phase difference out of predetermined 
plural phase differences, given to .the position detecting 
signals outputted from the MR sensor 2a, be P0, and it is 
preferable that all of other phase differences P are set so 
as to satisfy the following condition : 
[0111] 

P = P 0 ±(l/2)"xP 0 (where/ „> }) _ (8) 

In addition, it is made in this embodiment that the phase 
difference 
P0 = 45°. 

[0112] In this manner, when it is made that the phase 

differences given to the position detecting signals 
outputted from the MR sensor 2a satisfy the condition of the 
above-described expression (8), it is possible to generate 



discontinuous portions, which are generated in the position 
data (reference position data (A) and supplementary position 
data (B to D) ) obtained from the position detecting signals 
and phase converted signals, at just midpoint positions 
between the discontinuous portions in the other position 
data. Owing to this, it is possible to have advantageous 
effects similar to the advantageous effects described in 
Embodiment 1 described above. 

[0113] In this embodiment, the synthesized position 

calculating section 10 combines the position data (reference 
position data and supplementary position data) outputted 
from the primary position calculating section 7 and 
secondary position calculating sections 9a to 9c by a method 
similar to the method described in Embodiment 1. 
[0114] Namely, as one method of combining the reference 
position data A and supplementary position data B to D, it 
is possible to make the result, which is obtained by simply 
averaging the respective position data, be synthesized 
position data. 

[0115] In addition, as another synthesizing method, as 

shown in Fig. 14(B), it is also possible to make the sum of 
the data, that is weighted the respective position data A to 
D according to a position where a discontinuous portion is 
generated, be synthesized position data. 

[0116] Namely, as shown in Fig. 14(B), weight coefficients 
Ka, kb, kc, and kd are multiplied by respective position 
data of the reference position data A and supplementary 



position data B to D, and the sum of these is made to be the 
synthesized position data. 

[0117] For example, in an El area of Fig. 14, the sum of a 
product of the reference position data A multiplied by the 
weight coefficient ka (shown by a solid line in Fig. 14(B)), 
and another product of the supplementary position data B 
multiplied by the weight coefficient kb ( shown by a dotted 
line in Fig. 14(B)) is made to be the synthesized position 
data. In addition, in an E2 area of Fig. 14(B), the sum of 
a product of the supplementary position data C multiplied by 
the weight coefficient kc (shown by an alternate long and 
short dash line in Fig. 14(B)), and another product of the 
supplementary position data D multiplied by the weight 
coefficient kd (shown by an alternate long and two short 
dashes line in Fig. 14(B)) is made to be the synthesized 
position data. 

[0118] In this case, the above-described weight 

coefficients ka to kd are determined from a rough position 
of the focus lens 1. 

[0119] As this rough position, it is possible to use, for 
example, a position obtained from one position data out of 
four position data (A to D) , or a position obtained from 
position data obtained by simply averaging respective 
position data . 

[0120] Since the position detecting apparatus in this 

embodiment is applied to a servo system of moving the focus 
lens 1 to a target stop position that is set beforehand, 



weight coefficients ka to kd are determined from the target 
stop position of focus lens 1. 

[0121] The target stop position used here is not an in- 
focus position, but is a target stop position of the focus 
lens 1 that is set in the auto focus processing section 12 
one by one when the auto focus processing described in 
Embodiment 1 is performed, 

[0122] In addition, similarly to Embodiment 1 described 
above, it is good to execute the calculation processing in 
the gain and offset adjusting section 6, position 
calculating sections 7, and 9a to 9c, phase converting 
sections 8b and 8c, and synthesized position calculating 
section 10 respectively in different CPUs or DSPs, or it is 
also good to execute this processing in a single CPU or DSP. 
[0123] In addition, it is possible to use dedicated 

hardware that performs these calculation processing. 
Furthermore, the means is not limited to the method of 
further giving phase differences to position detecting 
signals, which have been given phase differences once, like 
this embodiment, but it is good so long as signals whose 
phases are shifted consequentially. For example, it is also 
possible to generate the processing of giving the 
predetermined phase differences to the position detecting 
signals outputted from the MR sensor 2a by individually 
giving a phase difference, which is different from others, 
to the above-described position detecting signals. 
[0124] According to the position detecting apparatus 



according to this embodiment, it is possible that a 
discontinuous portion, which is generated in each position 
data of the reference position data A and plural 
supplementary position data B, does not overlap with a 
discontinuous portion in other position data. In addition, 
by increasing the number of signals used for the position 
detection of the focus lens 1, that is, by generating a 
plurality of supplementary position data besides reference 
position data, the interpolation accuracy of the reference 
position data improves. Hence, it is possible to achieve 
position detection with higher accuracy. 

[0125] In addition, the case of detecting a position of 
the focus lens 1 by using the detecting magnet 2b and MR 
sensor 2a is described in the above-described Embodiments 1 
and 2. Nevertheless, the present invention can be also 
applied to the case of detecting a position of the focus 
lens 1 by using the optical scale 2d and optical encoder 2c 
instead of the detecting magnet and MR sensor as shown in 
Fig. 2 (C) . 

[0126] The optical encoder 2c comprises a light-emitting 
section and a light-receiving section, and reflects light, 
emitted from the light-emitting section by the optical scale 
2d and outputs a signal corresponding to quantity of light 
detected by the light-receiving section. The optical scale 
2d has a reflecting surface whose shape (direction) 
periodically changes in the direction parallel to an optical 
axis . 



[0127] Then, it is possible to generate a sinusoidal 

signal similar to that of the MR sensor by the shape of this 
optical scale 2d and the processing of a received light 
signal from the optical encoder 2c. Therefore, it is 
possible to apply a position detection method that is 
similar to the description in Embodiments 1 and 2. Specific 
processing is the same as those in embodiments above 
described. 

[0128] On the other hand, though the position detection of 

■v 

a focus lens included in an image pickup optical system of a 
camera is described in each of the above-described 

embodiments, the present invention can be also applied to an 

> — 

apparatus performing the position detections of a movable 

i 

optical element except the focus lens (for example, a zoom 
lens) or a movable object except the optical element. 
[0129] As described above, according to the present 

invention, it is possible to achieve highly accurate 
position detection by suppressing the decrease of position 
detecting accuracy that is caused by discontinuous position 
data and is a problem in conventional technology. 
[0130] While preferred embodiments have been described, it 
is to be understood that modification and variation of the 
present' invention may be made without departing from the 
sprit or scope of the following claims. 



